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Introduction
Chronic exposure to elevated blood pressure causes organ damage such as left ventricular hypertrophy (1) . Early detection of left ventricular hypertrophy may be necessary to identify individuals at higher cardiovascular risk who need a more clinical intervention to improve their health (2) . Although elevated blood pressure is also a risk factor for higher cardiovascular mortality (3) , casual measurement of blood pressure may lack accuracy because of the intrinsic variability of blood pressure and possible errors in its measurement (4) (5) (6) . Therefore, organ damage such as left ventricular hypertrophy may provide a better estimate of high cardiovascular risk than casually measured blood pressure. Japanese have a higher incidence of hypertensive cardiovascular disease, as well as a higher mortality from such disease, as compared with Western populations (7) (8) (9) , mainly due to the high prevalence of hypertension in Japan (10, 11) . Thus, electrocardiogram screening to estimate the risk of left ventricular hypertrophy may be useful in the Japanese population. Although a few previous studies have indicated that left ventricular hypertrophy diagnosed by electrocardiography has value as a predictor of cardiovascular disease in the general population, these studies were conducted only in Western populations (12) (13) (14) .
Recently, in a large cohort of participants selected randomly from the overall Japanese population, we attempted to determine whether left ventricular hypertrophy diagnosed by an electrocardiogram, irrespective of the casual systolic blood pressure level, would be a predictive marker for cardiovascular death among a community-dwelling population, and then to evaluate the utility of electrocardiogram screening for detecting left ventricular hypertrophy. We focused on the high amplitude R-wave (left high R-wave), which is an essential component of the electrocardiogram findings for left ventricular hypertrophy (12, 14) .
Methods

Study Design and Participants
NIPPON DATA (National Integrated Project for Prospective Observation of Non-communicable Disease And its Trends in the Aged) is a series of cohort studies conducted by the National Survey on Circulatory Disorders, Japan. In the present study, we analyzed data from NIPPON DATA90; the details of the present cohort have been reported previously (3, (15) (16) (17) (18) .
A total of 8,384 community residents (3,504 men and 4,880 women; ≥ 30 years old) from 300 randomly selected districts participated in the baseline survey in 1990 and were followed until November 15, 2000 . The overall population aged 30 and greater in all districts was 10,956, and the participation rate in this survey was 76.5%. Accordingly, these participants were thought to be representative of the Japanese population. Of the 8,384 participants, 1,696 were excluded for the following reasons: previous coronary heart disease or stroke (n= 261), presence of atrial fibrillation on the electrocardiogram (n= 147), use of antihypertensive agents (n= 1,202), some information missing at the baseline survey (n= 122), and failure to obtain access due to incomplete residential information at the first survey (n= 182). We excluded participants with atrial fibrillation, because it is also a major risk factor for cerebral embolism, which makes it difficult to assess the risk of left high R-wave (19) . The remaining 6,688 participants (2,853 men and 3,835 women) were included in the analysis.
Follow-Up Survey
The underlying causes of death for the National Vital Statistics were coded according to the 9th International Classification of Disease for deaths occurring through the end of 1994 and the 10th International Classification of Disease for deaths occurring from the beginning of 1995. The details of the classification in the present study are described elsewhere (3, (15) (16) (17) (18) .
We were permitted to use National Vital Statistics by the Management and Coordination Agency, Government of Japan. The present study was approved by the Institutional Review Board of Shiga University of Medical Science for ethical issues (No. [12] [13] [14] [15] [16] [17] [18] 2000) .
Baseline Examination
Baseline blood pressures were measured by trained observers using a standard mercury sphygmomanometer on the right arm of seated participants after an acclimation period. Hypertension was defined as systolic blood pressure (SBP) ≥ 140 mmHg, diastolic blood pressure (DBP) ≥ 90 mmHg or both, whereas normotension was defined as SBP < 140 mmHg and DBP < 90 mmHg.
A standard 12-lead electrocardiogram was recorded in the supine position. Each electrocardiogram was coded independently by two researchers according to the Minnesota Code (20) . Codes in agreement were accepted, whereas codes in disagreement were adjusted by a panel of epidemiologists and cardiologists. Left high R-wave was defined as R-wave in V5 or V6 > 2.6 mV, or R-wave in I, II, III or aVF > 2.0 mV, or Rwave in aVL > 1.2 mV (the Minnesota Code, 3-1), and/or Rwave in I > 1.5 mV but ≤ 2.0 mV, or S-wave in V1 plus Rwave in V5 or V6 > 3.5 mV (the Minnesota Code, 3-3). ST-T abnormalities were defined as ST-T depression (the Minnesota Code, 4-1 to 4-3), and/or an inverse or flat T wave (the Minnesota Code, 5-1 to 5-3).
Non-fasting blood samples were obtained and the serum was separated and centrifuged soon after blood coagulation. Plasma samples were also obtained in a siliconized tube containing sodium fluoride. These samples were shipped to one laboratory (SRL, Tokyo, Japan) for blood measurements. Serum total cholesterol was measured enzymatically. Lipid measurements were standardized by the Centers for Disease Control/National Heart, Lung, and Blood Institute Lipids Standardization program (21) . Hypercholesterolemia was defined as serum total cholesterol ≥ 6.2 mmol/l, the use of medications for hypercholesterolemia or both. Plasma glucose was also measured enzymatically. Diabetes mellitus was defined as plasma glucose ≥ 11.1 mmol/l, the use of medications for diabetes mellitus or both. Body mass index was calculated as weight (kg) divided by the square of height (m). Public health nurses obtained information on smoking, drink-ing, and medical histories.
Statistical Analysis
An unpaired Student's t-test or χ 2 test was used to compare risk characteristics at baseline between participants with and without left high R-wave. A Cox proportional hazards model was used to calculate the hazard ratio of hypertension compared to normotension for death due to all-causes, cardiovascular disease, stroke and heart disease. This model incorporated the following variables as covariates: age, sex, body mass index, smoking habit (non-, ex-or current smoker, using two dummy variables with the non-smoker as a reference), drinking habit (non-, ex-or daily drinker, using two dummy variables with the non-drinker as a reference), diabetes mellitus and hypercholesterolemia. The significance of an interaction between SBP and left high R-wave as a predictor of cardiovascular death was tested using an interaction term for the continuous and categorical variables in a multivariateadjusted model. Similarly, a Cox proportional hazards model was used to calculate the hazard ratio of left high R-wave for death, as compared with the absence of left high R-wave, incorporating the same covariates listed above and SBP. We estimated the proportion of cardiovascular death attributable to left high R-wave taking into account its prevalence and hazard ratio-i.e. the population attributable risk percentamong all the participants after both sexes were combined using the following equation: [the prevalence of left high Rwave × (adjusted hazard ratio − 1)]/[1 + the prevalence of left high R-wave × (adjusted hazard ratio − 1)].
The hazard ratio analyses for the left high R-wave and the population attributable risk percent of the left high R-wave were repeated among hypertensive and normotensive participants.
The statistical analysis package SPSS 11.0J for Windows was used for statistical processing. All probability values were two-tailed, and the significance level was set at p< 0.05.
Results
The follow-up time for the 6,688 participants (mean age, 50.7 years old) in the present study was 64,340 person-years. There were 521 deaths among the total group of participants, 55 deaths due to strokes and 73 deaths due to heart diseases. Among the total participants, 9.4% had left high R-wave on their baseline electrocardiogram. Of 2,413 hypertensives, 12.4% had left high R-wave, whereas this condition was present in only 4.1% of 4,275 normotensives.
The mean values or proportions of risk characteristics at baseline for male and female participants with and without left high R-wave are summarized in Table 1 . Of 2,853 male participants (mean age, 51.4 years old), 15.3% had left high R-wave on the electrocardiogram, whereas 5.0% of 3,835 female participants (mean age, 50.2 years old) had this electrocardiogram abnormality. For men and women, mean values of blood pressure and body mass index, and the prevalence of hypertension were significantly higher among participants with than without left high R-wave. The prevalence of ST-T abnormalities on the electrocardiogram in participants with left high R-wave was 6.9% for men and 11.5% for women. Among all participants, the hypertensives had a multivariate-adjusted hazard ratio of 1.65 (95% confidence interval, 1.13-2.41; p= 0.01) for cardiovascular death, 2.35 (1.24-4.48; p< 0.01) for stroke and 1.45 (0.88-2.39; p= 0.14) for heart disease death, as compared with the normotensives. The interaction for cardiovascular death between SBP and left high R-wave was not significant in the multivariate-adjusted model (p= 0.33).
Among all participants, those with left high R-wave had a multivariate-adjusted hazard ratio of 1.88 (1.22-2.89; p< 0.01) for cardiovascular death, as compared to those without left high R-wave, as shown in Table 2 . The population attributable risk percent of left high R-wave for cardiovascular death was 7.6%, when using a prevalence of 9.4% and a hazard ratio of 1.88.
Among the hypertensive participants, those with left high R-wave had a multivariate-adjusted hazard ratio of 1.97 (1.20-3.24; p< 0.01) for cardiovascular death, as compared with those without left high R-wave, as shown in Table 3 . The population attributable risk percent of left high R-wave for cardiovascular death was 12.4%, when a prevalence of 14.6% and a hazard ratio of 1.97 were used. On the other hand, the normotensive participants with left high R-wave had a multivariate-adjusted hazard ratio of 1.66 (0.69-3.98; p= 0.26) for cardiovascular death, as compared with those without left high R-wave, as shown in Table 4 . The population attributable risk percent of left high R-wave for cardiovascular death adjusted for age, body mass index, smoking habit, drinking habit, diabetes mellitus and hypercholesterolemia; and § adjusted for age, body mass index, smoking habit, drinking habit, diabetes mellitus, hypercholesterolemia and systolic blood pressure. Sex was also adjusted, when men and women were combined. was 4.1%, when using a prevalence of 6.4% and a hazard ratio of 1.66.
Discussion
In the present prospective, community-based study, left high R-wave on the electrocardiogram predicted an increased risk of cardiovascular mortality, which was independent of casual SBP level and other risk factors.
The electrocardiogram is a simple, inexpensive and widelyavailable test. Because Japanese have a higher incidence or mortality from hypertensive cardiovascular disease than Western populations (7) (8) (9) , electrocardiogram screening may be useful to evaluate organ damage or presence of left ventricular hypertrophy resulting from prolonged, severe hypertension (1) . Left ventricular hypertrophy increases the risk for cardiovascular events through its effects on ventricular function (22) , the coronary circulation (23) (24) (25) and arrhythmogenesis (25) . Left ventricular hypertrophy is also associated with carotid structural changes (26) and asymptomatic cerebrovascular damage (27) . For these reasons, a left high R-wave on the electrocardiogram may increase the risk for death from both heart disease and stroke. Thus, it is not surprising that in the present study, left high R-wave predicted an increase in mortality from heart disease, and tended to predict an increase in mortality from stroke as well. The increased risk of death from strokes may support the idea that the left high R-wave is a marker for the presence of a severe carotid structural change.
Only a few studies in Western countries have evaluated the association between left ventricular hypertrophy as diagnosed by the electrocardiogram and cardiovascular disease among a Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg or both. Values in parentheses indicate 95% confidence interval of hazard ratios. *Statisitically significant difference between two groups (p<0.05). Hazard ratios were calculated by a Cox proportional hazards regression model † adjusted for age; ‡ adjusted for age, body mass index, smoking habit, drinking habit, diabetes mellitus and hypercholesterolemia; and § adjusted for age, body mass index, smoking habit, drinking habit, diabetes mellitus, hypercholesterolemia and systolic blood pressure. Sex was also adjusted, when men and women were combined.
general population (12) (13) (14) . A similar study was conducted among a general population in Denmark, whose members were 25 to 74 years old, free of previous coronary heart disease, and not using any antihypertensive agents (14) . In this Danish population, 14.6%, 1.6% and 1.5% of subjects had voltage-only left ventricular hypertrophy, left ventricular hypertrophy with a negative T wave, and left ventricular hypertrophy with ST depression and a negative T wave on the electrocardiogram, respectively (14) . The multivariateadjusted hazard ratios for cardiovascular mortality of these three electrocardiogram findings after 7 years of follow-up were 1.28 (0.92-1.77), 2.16 (1.25-3.74) and 2.96 (1.87-4.68), respectively (14) . Accordingly, among the Danish population, the population attributable risk percent of left ventricular hypertrophy for cardiovascular disease was 8.0%, when these three electrocardiogram findings were combined. This population attributable risk percent was similar to the population attributable risk percent in the present study.
The utility of electrocardiogram screening for risk of cardiovascular death is evident. It is quite likely that we may be able to use the electrocardiogram to select high-risk individuals from those who are regarded as normotensives by the casual measurement of blood pressure alone (e.g., masked hypertension) (4). However, an issue as to the cost-effectiveness of electrocardiogram screening exists: for what population should we perform electrocardiographic screening when taking into account the cost-effectiveness? This issue needs further evaluation in future studies.
The present study has several limitations. First, it is generally better to stratify left ventricular hypertrophy on the electrocardiogram into two subgroups, a definite left ventricular hypertrophy group (left high R-wave with ST-T abnormali- Normotension was defined as systolic blood pressure <140 mmHg and diastolic blood pressure <90 mmHg. Values in parentheses indicate 95% confidence interval of hazard ratios. *Statisitically significant difference between two groups (p<0.05). Hazard ratios were calculated by a Cox proportional hazards regression model † adjusted for age; ‡ adjusted for age, body mass index, smoking habit, drinking habit, diabetes mellitus and hypercholesterolemia; and § adjusted for age, body mass index, smoking habit, drinking habit, diabetes mellitus, hypercholesterolemia and systolic blood pressure. Sex was also adjusted, when men and women were combined. ties), and a possible left ventricular hypertrophy group (left high R-wave without ST-T abnormalities) (12, 14) . However, we focused on left high R-wave irrespective of ST-T abnormalities. One reason for this was the limited number of ST-T abnormalities (3.1%) in the present population, which made stratification based on these electrocardiogram abnormalities difficult. Second, the electrocardiogram has some limitations for detecting left ventricular hypertrophy, as compared with the echocardiogram (28) , although the electrocardiogram is simpler and less expensive. Finally, the analyses in the present study were performed among community-dwelling Japanese after excluding those with a history of cardiovascular disease and those taking antihypertensive agents. Therefore, the results of the present study may not be directly relevant to or adaptable to other populations.
In conclusion, left high R-wave on the electrocardiogram, irrespective of casual SBP, serves as an independent predictor of cardiovascular death among a community-dwelling population. In order to identify individuals at high cardiovascular risk and to improve their health outcomes, electrocardiogram screening for left high R-wave is recommended.
